A control design method is proposed for the reduction offlow-induced vibrations in a hard disk drive by using a dual-stage suspension. The design of the servo controller uses both a dynamical model of the suspension and a model for the stochastic dynamic behavior of the windage to design a 3" order discrete time contmller that reduces non-repeatable runout errors.
Control ofNon-Rmeatable Run-Out Errors
A control design method is proposed for the reduction offlow-induced vibrations in a hard disk drive by using a dual-stage suspension. The design of the servo controller uses both a dynamical model of the suspension and a model for the stochastic dynamic behavior of the windage to design a 3" order discrete time contmller that reduces non-repeatable runout errors.
Dynamic models of Susvension and Windage
For the design of a servo controller for active suppression of windage, a detailed model of the flow pattern in a drive is not required. From a servo point of view, only the statistical and stochasticproperties o f the windage on the position error signal (PES) are relevant. A standard Prediction Error (PE) estimation technique [I J can be used to estimate discrete time models of both the mechanical suspension and the stochastic properties of the windage. In this framework, the stochastic properties o f the windage are characterized by an additive filtered white noise on the PES. In Figure 1 illustrates the schematics of this framework and the models estimated for control design purposes 121. The controller uses the PES to actively control the dual-satge actuator to reduce the windage induced vibrations modeled in Ho, For the control design, both the variance of the PES y(t) and the variance control of the control signal u(f) due to the windage disturbance "(0 is minimized simultaneously. This is done by a relative wcighting o f the control signal u(0 as indicated in Figure 2 . In Figure 2 Imdementation of WindaEe Controller To address practical implementations issues, the ordcr of the designed controller C is reduced
From the full order of 12 to 3 without hardly sacrificing control performance. This is achieved by reducing the controller in a way that is relevant for the closed-loop performance of the control al orithm. The result of the controller reduction is depicted in Figure 3 . Implementation of the 3 order controller lead to a significant windage reduction as indicated in the same figure. 
